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SíJMMARy*
T h is  r e s e a r c h  h a d  a s  i t s  c h i e f  t a r g e t  p r o l o n g a t i o n  o f  i n ­
t e r v a l s  o f  d r y d o c k i n g  n o r m a l ly  r e q u i r e d  f o r  m a in t e n a n c e  c o n t r o l  
o f  c o r r o s i o n  a n d  f o u l i n g .
I n  previous s t a g e s , th e  authorA have developed a n ti fo u lin g  
o leo resln o u s  formulationA o f h igh  t o x i c i t y . The p res en t  work was 
aimed to  obtain e l e c t i v e  a n ti  fo u lin g  palntA baAed on a c h lo rin a t­
ed  ru b b er  b in d e r .
Two AerleA of a h ip  a ' t r i a l s  were p la n n e d  applying t h e  paints  
on th e  h u l l  o f deA troyers o f th e  A r g e n t in e  N avy .
D iffe r e n t  Rosin W W /chlorinated ru b b er ratloA (1/1 and 2/ 1 ,  
by w eight) w ere teA ted  to  e s ta b lis h  th e  b e s t  m atrix A o lu b llity  In  
Aea w ater. Also th e  Im portance o f th e  t o t a l  to x ic a n t  co n ten t on 
th e  b lo a c t lv lt y  o f th e  film , th e  to x ic a n t !e x te n d e r  ra t io  and th e  
uAe o f d i f f e r e n t  p la s t i c iz e r s  were o th er param eters A tudied.
The teA ted  paints were a p p lied  over oleoreAlnouA a n tic o rro s l-  
ve AyAtemA, w ith and w ithout In term ed ia te  paints [p h en o lic  v arn ish - 
ch lo rin a te d  ru b b er  t y p e ) .
V a r i a b l e s  0 (j h u l l  p a i n t i n g  a r e  t h e  l o c a t i o n  o f  t h e  p a n e l s  
I n  t h e  s h i p s ,  t h e  t i m e  o f  im m e r s io n  a n d  t h e  n u m ber o f  p e r i o d s  o f  
h i g h  s e t t l e m e n t  [ s p r in g -s u m m e r )  I n c l u d e d  i n  t h e  t e s t s .
T h e c h l o r i n a t e d  r u b b e r  a n t i f o u l i n g  p a i n t s  s t u d i e d  I n  t h i s  
p a p e r  w e r e  a l l  o f  t h e  s o l u b l e  m a t r ix  t y p e .  T h e  d i s s o l u t i o n  o f  Ro­
s i n  WW w as r e g u l a t e d  b y  t h e  p r e s e n c e  o f  c h l o r i n a t e d  r u b b e r  a n d  
t h e  p l a s t i c i z e r  [ t r i c r e s y l - p h o s p h a t e ,  c h l o r i n a t e d  p a r a f f i n  o r  
c h l o r i n a t e d  b i p h e n y l )  a l l o w s  t h e  r e l e a s e  o f  t o x i c  m a t e r i a l  a n d  i t s  
a c t i o n  on t h e  a n im a l  a n d  v e g e t a b l e  o r g a n is m s  o f  f o u l i n g .
I t  w ill be n o tice d  th a t :
a ) T h e  d l C e r e n t  s o l u b i l i t y  o f  t h e  m a t r i c e s  d o e s  n o t  i n f l u ­
e n c e  on  t h e  b l o a c t l v l t y  o f  t h e  t e s t e d  p a i n t s ,  i n  t h e  e x p e r i m e n t a l  
c o n d i t i o n s  c o n s i d e r e d .
b) ih e  amount o f b to a c iiv e  m a teria l which vartes la r g e ly  
In  th e  d i f f e r e n t  samples o f each s e r i e s  (between 50 and 10 p er  
c e n t , by w eight) does not In flu e n c e  on th e  fou ltng  attachm ent. The 
palntA w ith minimum to x ic a n t  co n ten t were p r a c t ic a lly  not fou led  
a f t e r  Immersion p erio d s from 9 to  23 months.
c) i he p la s t i c iz e r s  used allow  to  o b t a in  ante fo u lin g  products  
w ith S im ila r  behaviour, fo r  th e  t e s t e d  to x ic a n t  le v e ls  and m atrix
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s o l u b i l i t i e s .
Some oh th e  an tihou lin g  p ain t* t e s t e d  show poor adhesion  a t  
th e  end oh th e  immersion p er io d , when a p p lied  over th e  o leores in ou *  
a n tic o r ro s iv e  p a in t employed by th e  Navy. Tor t h is  reason , in  a s e ­
cond s e r i e s  oh experim ent*, an in term ed ia te  c o a t  was u*ed.
The r e * u lt *  ob ta in ed  show th a t  th e  u sehol l i h e  oh th e  pain t*  
can be extended m i l  beyond two y ea r* , com prise up t o  th r e e  p eriod *  
oh in ten *e  h°uling attachm ent in  tem perate w ater*. Raht t e s t *  c a r ­
r ie d  out p rev iou sly  would *eem to  conhirm t h i*  p o * * ib i l i t y .
I t  i s  im portant to  e * t a b l i* h  th a t  in  th e  ca *e  oh * o lu b le  ma­
t r ix  an tihou lin g  p a in ts , d u r a b ility  i s  p ro p o rtio n a l to  {̂ Ll™ th ic k -  
n e**. In our ex p er ien ce* , th ick n ess  oh th e  an tihou lin g  hHw* ranged  
between SO and 100 ym. The th ick n e**  oh th e  coa t*  cou ld  be in c r ea * ed  
modihying th e  th ix o t r o p ic  c h a r a c t e r is t ic s  oh th e  p a in t* .
* Rase¡o, V., Giudice, C. A., Benftez, J. C. and Presta, M.- Prelí- 
mínary ships* triáis of chlorinated rubber antifouling paints.
CIDEPINT-ANALES, 1981, 57-73.
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I N T R O D U C T I O N
Up to now, antífoulíng paínts have been the most adequate 
method of control 1íng the settlement of organísms on ships'hulls.
In practice, their main drawback is the loss of toxicant 
that takes place during navigation and which does not have an ef- 
fective action on foulinq, as thís adheres onlv when the ship is 
anchored in port or when it naviqates at speeds below A-5 knots.
For this reason it has not been possi ble so far to obtain Products 
whose effectiveness endures for periods of more than two or three 
years. This protection period is shorter than that of modern anti­
corrosivo painting Systems for the underwater part of the huí 1.
The enlargement of the intervals between drydockings and 
the maintaining of vessels free from corrosión and fouling pro- 
blems are the current targets of technological research in this 
subject.
In previous stages the authors have developed antifouling 
formulations of the oleoresinous type of hicjh toxicity. They were 
determined by means of tests on ships (*, 2) and experimental rafts
( 3, \  5) .
The studies currently underway are aimed to obtain anti­
fouling paints based on a chlorinated rubber binder, which show 
not only great effectiveness and bioactivity, but also excellent 
adhesión on marine anti corros i ve primers prepared with different 
p i gments.
Chlorinated rubber resin is being now used in the paint in- 
dustry particularly, because the film, when correctly plasticized, 
has excellent resistance to Chemical agents, the paints are easy to 
apply and the film dries quickly. In the case of anti corros i ve for­
mulations, chlorinated rubber paints provide an excellent barrier 
effect against water and oxygen.
V A R I A B L E S  S T U D I E D
On the basis of previously obtained results on panels expo- 
sed on experimental rafts (6) , two series of tests were planned, 
the first one on the hullsof three destroyers and the second on
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two ships, a light destróyer and a destróyer.
This prelímínary report refers only to the results of the 
fírst series of tests.
Paints of different chlorinated rubber/Rosin WW ratios we- 
re tested mainly to establish the solubility of the matrix in 
sea water, the importance of the total toxicant content on the bio- 
activity of the film, the toxicant/extender ratio and the use of 
different plasticizers.
In order to reduce the test variables to a mínimum, four of 
the vessels used were destroyers of the same type, which have si­
milar operational and speed characteristíes and navigation and port 
anchoring periods. On the other hand, the 1 ight destróyer is a ves- 
sel that navigates during shorter periods.
The aforementioned vessels are usually anchored at Belgra- 
no's Harbour (38°581 S, 62°06‘ W) and navigate in the South Atlan­
tic. The light destróyer is usually anchored at Mar del Plata’s 
Port (38°08‘ S, 57°31‘ W) and is a support vessel for the ships 
and submarines than opérate from the latter harbour.
The tersted: paints were appl ied over oleoresinous anticorro- 
sive Systems, with and without the use of intermedíate paint (phe- 
nol ic varn ish-chlor inated rubber type) .
1. COMPOS IT ION VARIABLES
a) T o x ica n t  c o n te n t
Cuprous oxide was used as fundamental toxicant; zinc oxide 
was employed as reinforcing toxicant in al 1 the samples.
The cuprous oxide content in the different formulations (ta- 
ble l) varíes between 5^,^ and 10,9 per cent, w/w, on the paint. 
Four of the samples have high toxicant level (paints 1, 2, 6, 7 of 
each series), another four can be considered as having a médium le­
vel of bioactive material (samples 3, 8, 9). Finally, the sam­
ples 5 and 10 are of low content.
b) Ex^endeA c.onte,nt
Reduction of toxicant was carried out using an extender. 
Calcium carbonate (whiting) was employed due to the excellent re­
sults obtained in previous experiments (*, 2 , 7 , 8) . The different 
formulations have whiting contents which vary between 0 and A8 per 
cent, w/w, on the paint. Extender and zinc oxide were milled du­
















































































































































































































































































































































































c )  WatxÁx Á O ¿ub¿U £y
The bíoactivity of the antífoulíng paínts ís based on the 
solubílíty of Rosín WW ín sea water of pH 8,0-8,2. As a result of 
this díssolution a thín layer with hígh toxicant concentration is 
formed closely connected with the painted surface, that is lethal 
to fouling organisms.
The díssolution speed of Rosin WW is controlled in our for- 
mulátions by using chlorinated rubber 20 cP adequately plasticized. 
Rosin WW/chlorinated rubber 1/1 and 2/1 ratios have been tested 
(paints 1 to 5 and 6 to 10, respectively, in each series). The last 
ratio is the one that provides the matrix of highest solubílíty.
d) In^lumce, o i  tk z  type, p¿aAt¿c¿ze,si
The chlorinated rubber films were very brittle and have Door 
adhesión, thus it is necessary to incorpórate plasticizers in the 
formulat ions.
The type and Chemical cha ráeteristi es of the plasticizer can 
influence the followinq properties: flexibility, Chemical resistan- 
ce of the film, permeability to water and oxyqen, etc. Referrinq to 
antifoulinq paints only flexibility is important, thus allowing the 
use of different types of plasticizers.
The paints of the first series (ARA "Bouchard") were plasti­
cized with tricresy1-phosphate; chlorinated paraffin h2 per cent 
was used in the second series (ARA "Storni") and chlorinated biphe- 
nyl in the third series (ARA "Segur). Tricresy1-phosphate can be 
considered as a saponifiable type plasticizer; the other two are of 
the inert type.
Al 1 the plasticizers employed are compatible with the two 
resins used in the formulations (Rosin WW and chlorinated rubber).
It is necessary to point out that the chlorinated biphenyl 
is a toxic substance. It was employed in this work considerinq 
the scientific aspect and the authors wish to make clear that they 
do not promote its use.
2. VARIABLES OF HULL PAINTING
a) SeZecXe,d and lo c a t ío n  ofi tk<¿ pan oli
The tests which are subject matter of this report were car- 
ried out on the aforementioned destroyers (ARA "Bouchard", "Stor­
ni" and "Sequ i") .
As it was previously mentioned, the ARA "Bouchard" naviga- 
ted during the experimental period in the South Atlantic. It was
Hu. 1 — Order of the panel?, painted on the starboard side of the destróyer ARA 
“Bouchard” (plasticizer tricresyl-phosphate) and “Stoini” (plasticizer chlorinated
paraffin).
Fio. 2.—Order of the panels painted on the starboard side of the destróyer ARA 
“Segui” (plasticizer chlorinated byphenil).
normally anchored at Belgrano's Harbour besides spendíng approxi- 
mately 20 days ín a port of Brazil, an area where foulíng ís very 
aggressíve. The other two destroyers al so navígated duríng rather 
long períods and the rest of the year remained anchored at Belgra­
no's Harbour.
The paínt samples were placed inversely on both si des of the 
hull of the destróyer (port-side and starboard side). The panels so 
prepared covered an area of approximately 200 square meters, i.e.
10 square meters for sample.
In all the cases the appli catión was made from the water 1¡- 
ne to the anti-roller wings. Figures 1 and 2 show the location of 
the painted panels on the vessels.
b) ExpanÁmzntaJi pesUodA
The immersion periods of the three destroyers are shown in 
table II. The ir lenght depends exclusively on the dates set by 
the Navy for drydocking. Normally this operation ¡s carried out 
every 18-24 months. It can happen, however, that a test may have 
to be interrupted before the target date due to the necessity of 
emergency repairs. This happened in the case of the ARA "Storni", 
whose tests only lasted 9 months.
The destróyer ARA "Seguí", because of similar círcumstances, 
was able to be inspected on two opportunitíes, 9 and 18 months af-
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ter starting the test.
The ARA "Bouchard" was observed after a 23 months ímmersion
pe ríod.
The periods of intense fouling included in each tests are 
also shown in table II.
T A B L E 11
IMMERSION PERIODS OF TH E D 1FFEREN T SHIPS
Starting date
Feriad
Immersion of intense 
time fouling
Completion time (months) (summer)
Destróyer ARA “Bouchard” .. . September 1977 August 1979 23 2
Destróyer ARA “Stomi” ...... . December 1977 August 1978 9 1
D e s t r ó y e r  A R A  “ S e g u í ”.
Ist check-up ..........................  March 1978 December 1978 9 —
D e s t r ó y e r  A R A  “ S e g u í ” ,
2nd check-up ..........................  March 1978 September 1979 18 1
P R E P A R A T I O N  OF THE PAINTS
The paints were prepared on a pilot plant scale using bal 1 
milis with jars of 28 liter of capacity for the dispersión of the 
toxicants in the binders.
Binders preparation was carried out dissolving Rosin WW and 
chlorinated rubber in adequate solvents and incorporating the requi- 
red quantiti es of plasticizers to ensure good flexibility of the film.
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R E S U L T S  OBTAI NED
The chlorinated rubber antifoulíng paints studíed in this 
report were all of the soluble matrix type. The dissolution of Ro- 
sín WW was regulated by the presence of chlorinated rubber and the 
plasticízer allows the release of the toxic material and its action 
on the animal and vegetable organisms of fouling.
The leaching rate of the antifoulíng paint will be greater 
as the matrix becomes more soluble, but the Service durability of 
the paint will beshorter. It is important to remark that once the 
necessary toxicant solubility is achieved, the leaching rate of 
the paint must be kept constant while toxicant reserves remain in 
the film. Environmental conditions are very important becausea re- 
duction in the pM of sec water can affect the solubility of Rosin 
WW and thus block the normal action of the antifoulíng formulation.
Service tria 1s,especi al 1 y on ships with long periods of na- 
vigation, ensure that the paints will be maintained in areas of 
low contamination which assure their normal solubi 1 isation and 
the elimination of insoluble rests of the matrix (i.e. chlorinat­
ed rubber resin skeleton) or the reaction produets between Rosin 
WW and calcium and magnesium salts present in sea water.
The above consi derations explain the uniformity of the re- 
sults obtained even for different toxicant concentration and expe­
rimental periods of ¡mmersion ranging from 9 to 23 months.
Except paint 20, applied on the port-side of the destróyer 
ARA "Storni" (settlement 1-2) in all the cases the fouling records 
were 0 (without settlement), 0-1 (very rare) and 1 (rare) (tables 
I I I  and I V ) .
It will be noticed that:
a) The different solubility of the matrix (Rosin WW/chlorin- 
ated rubber rat ios 2/1 and 1 /1) does not influence the bioactivity 
of these produets in the experimental conditions and all the paints 
have an adequate initial and constant leaching rate.
b) The amount of bi oactive material which varíes 1 argel y 
for the different samples of each series does not inf1uence the fou1- 
ing attachment. The paints with mínimum toxicant content were prac­
tica 1 1y unfouled.
c) The plasticizers used (tricresy1-phosphate, chlorinated 
paraffin and chlorinated biphenyl) allow to obtain antifoulíng pro­
ducís with similar behaviour, for the different toxicant levels and 




































1 18 0 0
7 0-
1 0 17 0 0
6 0-
1 0 16 0 0















1 0 12 0-
1 0
1 0-






























































































































































































































1 0 0 0-
1
28 0 0 0 0
27 0-
1 0 0 0
26 0-
1 0 0 0
25
0-
1 0 0 0
2b 0-
1 0 0 0
23 0 0 0 0





































































































Some of the antifouling paínts tested, at the end of the im- 
mersíon period, showed poor adhesion over the oleoresínous anticorro- 
síve paint employed by the Navy. For thís reason, ¡n the second ex­
perimental stage this work, the use of intermedíate paints was 
ccns i de red.
The chlorinated rubber antifouling paints studied have a 
leaching rate for copper higher than the mínimum required to ensu- 
re fouling control for ships of the Argentine Navy in periods rang- 
ing from 9 to 23 months. Navigation of the vessels at high speeds 
(destroyers) does not affect the durability in Service of the paints 
The formulations tested show good resistance to the erosive effects 
of water movement, the paints desintégrate slowly to permit the so- 
lubilization of the toxic material and it is not necessary to está­
bil’ sh a compromise between toxicity and durability.
The results obtained indícate that the useful life of the 
paints can be extended well beyond two years, comprising up to three 
periods of intense attachment of fouling in températe waters. Raft 
tests carried out previously would seem to confirm this possibili- 
ty.
It is important to establish that in the case of soluble 
matrix antifouling paints, durability is proportional to film thick- 
ness. In our experiences, thickness ranged between 80 and 100 ymand 
it could be increased modifying the paint's binder compos ition with 
the incorporation of thixotropic substances.
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